Introduction
In recent decades, the "Health-Related Quality of Life (HRQOL)" has been increasingly used as an important health outcome (1) (2) (3) . According to the World Health Organization (WHO), the QOL is defined as a latent variable (4) , so its measurement is based on each individual's performance in responding to a set of items or questions. To achieve this, two paradigms have been used: Classical Test Theory (CTT) and modern approaches (5) . The classical approach is usually based on the assumption that an observed score consists of two components: a true score, and an error score (5, 6) in which the latter is not related to the former, which is one of the strengths of this model (6) . However, raw scores used in this model are ordinal, and mathematical operations such as addition or subtraction cannot be used; therefore, it cannot be considered as "measurement" (7, 8) . Potential two of the most famous generic scales that belong to the generic category (4, (29) (30) (31) (32) (33) . The WHOQOL-BREF was prepared using the CTT approach and has a smaller number of questions and comparable validity with the WHOQOL-100 (33) . To evaluate the validity and psychometric properties of these WHOQOL questionnaires, Nedjat et al (34) and Karimlou et al (35) conducted studies on their Persian version, using the CTT approach, where the latter showed acceptable reliability and validity for Iranians, except for the spiritual domain. Since no modern approach study has investigated the psychometric characteristics of the Persian version of the WHOQOL-100 questionnaire, our objective was to use Rasch analysis to select its best questions to develop a shortened unidimensional questionnaire with higher construct validity.
Methods
The methodology of this study is mainly based on the Tennant (17) recommendations and the methods used by Leplege (18) and Ecosse (19) . The main objective was to delete the items that do not fulfill the Rasch measurement quality control criteria. The data used is a part of Karimlou's study (35) database; so, the details of the sampling strategy, translation process, and data collection have been discussed elsewhere (35) and are described here in brief.
Persian version of the WHOQOL-100 questionnaire
The WHOQOL-100 questionnaire has been translated to Persian according to the WHO international guidelines (36) . The steps include forward translation, review of the face and content validity, backward translation, final check, pilot study, and a final reliability check (test-retest) at a 2-week interval. This scale comprises Physical, Psychological, Level of independence, Social, Environmental, and Spirituality domains that altogether contain 24 facets each having 4 items, plus an additional facet for the overall QOL (30) . All questions address the respondent's status in the past 2 weeks, and have a 5-category response from 1 to 5 that we changed to 0 to 4. In addition to the 100 QOL items, we also asked some socio-demographic questions including age, sex, level of education, and marital status, and also a question about the current illness status (Are you currently ill? Yes / No).
Participants and data gathering
In a population-based, cross-sectional study, 500 healthy residents of Tehran who were aged 18 and older were sampled, using a multi-stage sampling method, during spring 2007. The exclusion criteria were having chronic (including diabetes, cardiovascular, amputee, or autoimmune) or acute diseases, and having psychiatric or mental disorders. Initially, stratification was done according to 22 municipal districts and subsequently, proportional to each district's population, a total number of 50 blocks were selected randomly as clusters. In each systematically selected household, one eligible person was sampled randomly. Anonymous Questionnaires were administered by well-trained, supervised interviewers using a doorto-door approach. After completion, the data were rechecked and entered into an electronic database. Verbal consents were taken from all participants, and the data were kept confidential. The Ethics Committee of the University of Social Welfare and Rehabilitation Sciences approved the study protocol and the School of Public Health of Tehran University of Medical Sciences approved it as a PhD dissertation.
Statistical analyses
In the first round, using Rasch measurement, we achieved the primary person and item measures. By using these measures, we performed the following analyses in succession. According to the Likert type questions and based on Linacre's recommendations about choosing one of the polytomous models to analyze (37), the Rating Scale Analysis (RSA) was selected, and only to inspect the threshold ordering, we were forced to employ the Partial Credit Model (PCM). We also used appropriate regular descriptive and analytical statistical analyses to describe baseline data and also to compare groups. In all analyses, if applicable, we considered P < 0.05 as significant. In order to analyze the data, Winsteps® 3.68.2, SPSS version 11.5 for Windows, and Microsoft Office Excel 2003 were employed.
Targeting Analysis
Considering the negative effect of great differences between the person and item measures on fit statistics (14) , observations for which expected scores in responding were too high or too low were excluded and treated as missing values. By determining cuthi and cutlo values equal to 1.75 in Winsteps® software (38) , observations in which the absolute difference between individual and item measures, was more than 1.75 logit, were deleted. Setting this value in the first round of the analyses caused observations with expected score values more than about 3.5 or less than about 0.5 to change to missing values.
Person Fit Analysis
In this step, outfit (unweighted) and infit (weighted) mean square indexes were used to detect and delete underfit individuals because their responses could damage the validity of all measurements. Based on Linacre's opinion (38) , outfit or infit statistics more than 1.5 were considered as underfit. Overfit individuals (outfit or infit < 0.5) were not removed from the dataset.
Category and Threshold Ordering
Since ordering of response categories and also thresholds are not always identical and disturbances in both need to be considered (39) , all items with category or threshold disordering were identified and eliminated. Based on the Winsteps® user's guide (38) , to identify category disordering, values of "average measures" for each response category (Table 13 .3 in the software outputs), and to detect threshold disordering, values of "threshold measures" (Table 3 .2 in the software outputs, "structure calibration") were used.
Item Fit Analysis
According to outfit or infit mean square criteria of more than 1.5 or less than 0.5, questions of underfit and overfit were identified and eliminated, respectively. Since item reduction was the main purpose of this study, the less efficient overfit items were removed, although they do not disturb the measurement.
DIF Analysis
According to person-free item measurement in Rasch model, item calibration must be the same in different subgroups of people (lack of item bias). In this study, the existence of DIF in subgroups based on gender (male/female), age (15-24 years, 25-34 years, 35-44 years, and ≥45 years), health status in an individual's opinion (ill/healthy) and level of education (primary school, secondary school, and college) was examined. The commonly used criterion to detect DIF is the presence of a significant difference of more than 0.5 logit in item calibration (40, 41) between two groups (dichotomous variables), or between one group with all groups combined (polytomous variables) (38) . According to some limitation of this criterion, we decided to use an equivalence region or interval equal to -0.5 to +0.5 logits. The 95% confidence interval of a difference was calculated using its Standard Error (SE). Provided that this confidence interval had an overlap with the equivalence region, two measures were assumed to be equivalent and if it located out of this region on each side, the item was considered to have differential functioning or bias and was deleted. Joint SE, the SE value in comparing two groups, was computed using the following formula:
Joint SE = For comparing one group with all groups together, the sub-group SE was used.
Analysis of the Remaining Items
After deleting some observations, persons and items, person and item measures were again computed totally and also in subgroups in the new instrument. In addition, the remaining items were inspected with respect to fitness to the model, and threshold and category ordering. Person separation index and test reliability were also measured.
Results
Socio-demographic characteristics, current health status in the individual's opinion, and the average QOL measure of people in the initial database and without any omission, in both logit and a 0 to 100 scale, as total and in subgroups, are shown in Table 1. Among the 500 participants of this study, male to female ratio was 0.98. Mean and SD of age were 35.1 and 12.8 years (18-69 years), respectively. There was a statistically significant difference in current disease status between the two genders (P = 0.006) and among different age groups (P < 0.001). Overall, when compared to males, females and when compared to the youth, the elderly reported being sick more often. Mean, standard deviation, minimum and maximum values of the difficulty of questions in the primary dataset were 0.00, 0.43, -1.37, and 0.86 logit, respectively. Person separation index and test reliability were 4.54 and 0.95, respectively. Fig. 1(a) shows distribution of measures for individuals and items (person-item bar chart). It clearly shows that questions were slightly off-target toward easiness for study participants. However, overall, the coverage of the instrument was well and there was no redundancy or gap over the item difficulty continuum. After targeting analysis, 1878 missing observations were identified, which accounted for about 3.8% of total observations (1 person's observations were completely eliminated). The number of missing data was 387, about 1% of total data before conducting this analysis. Fig. 1 (b) shows the person-item bar chart after targeting analysis. Because Rasch analysis is robust to missing data (42), the distribution of measures was not substantially different. Comparison of fit statistics before and after targeting analysis did not reveal any significant differences (P = 0.131 to 0.920). There was a significant difference between current health status of people and the number of missed observations (P < 0.001). The mean number of missing observations was higher among healthy people when compared to diseased people (4.32 vs. 1.49). In this regard, no significant relationship was detected between the number of missing observations and sex (P = 0.981); however, this number was significantly correlated with the level of education (P = 0.001) and age group (P = 0.002). Similarly, the number of missing values was higher in groups with higher QOL. Fig. 2 shows the relationship between the QOL measure and difficulty of questions with the number of missing data. Individuals with a better quality of life and easier items had more missing observations, which confirms being slightly offtarget toward the easiness of questions in another way.
Targeting

Person Fit
In person fit analysis, 67 individuals whose outfit or infit values were more than 1.5 were deleted from data. For all of these people, ZSTD (index for significance of fit statistics) value was more than 1.96, which corresponds to a p-value of less than 0.05. The fit index was not <0.5 for any individual. Elimination of persons was not significantly related to age, sex, QOL, and current health status variables, but significantly related to the level of education (P = 0.003). The proportions eliminated from primary school, secondary school, and college groups were 27%, 11%, and 13%, respectively.
Categories and Thresholds
In category and threshold analyses, 38 items, 10 due to category disordering, 24 due to threshold disordering, and 4 due to both, were deleted (Table 2). As an example, question number 25 (F15.2: How well are your sexual needs fulfilled?) is illustrated in Fig. 3 . Threshold disordering is obvious in this graph.
Item Fit
In item fit analysis, 6 questions were eliminated due to being under-fit while none of the items were over-fitted (Table 2 ). Outfit and infit statistics in these items ranged from 1.55 to 1.85 and all were strongly significant (ZSTD ranged from 7.25 to 9.9).
DIF
In the DIF analysis, 4 items between males and females, 10 items between ill and healthy groups, 17 items between primary school subgroup and the total sample, and 6 items between age subgroups and the total sample showed bias or DIF. Some items in subgroups of two or more variables showed item bias; overall, 26 items were identified as inappropriate and were deleted in this stage (Table 2) . The Remaining Items Table 3 shows the remaining items, in order of difficulty with mean and SD of 0 and 0.42 logit, respectively. The first 5 items in this list are all belong to the environmental domain. The mean difficulty was not significantly different between the remaining and the deleted items (P = 0.922). Fig. 4 is the final item-person bar chart, which shows some off-targeting on both sides, more item reduction on the easier tail, a slight item redundancy, and absence of item gap. Outfit or infit statistics were not more than 2 or less than 0.5 for any of the remaining items, and all item thresholds were ordered. Person separation index and test reliability values were 2.91 and 0.89, respectively. 
Discussion
In this study, using the Rasch analysis, 70 questions were excluded from a set of 100 questions in the Persian version of the WHOQOL-100 questionnaire due to category and/or threshold disordering, underfitting, or DIF in subgroups. The new questionnaire includes 30 items that, as the Rasch model claims, are expected to be unidimensional and measure a single construct. The Rasch model is not able to determine whether this construct is definitely QOL or not, and rather, this is usually left in the hands of the experts. Considering the extensive and worldwide research that has gone into constructing this questionnaire (3) and the great deal of expert opinions it has benefited from (29, 31) , the new scale is also expected to be able to measure the QOL, like the original scale.
Targeting
In this study, first we used targeting analysis. Having on-target items not only improves the sample size efficiency, but also prevents a large decrease in the fitting of the items or persons because of a few unexpected behaviors. This effect is more pronounced with a small sample size. In our study, despite the large sample size and the relative stability of the measures, observations in which the measure difference between an individual-item pair was greater than 1.75 logit were deleted. At the end of this analysis, the number of deleted observations was less than 2% (results are not reported), less than what is reported in studies conducted by Leplege (18) and Ecosse (19) , which indicated a very favorable on-targeting.
Person Fit
In the next step, we looked for individuals who did not fit the model well, meaning that their observed responding patterns were largely different from the Guttman scale (43) . Considering values from 0.5 to 1.5 as an accepted range for the fit statistics (38), we only omitted individuals with values more than 1.5 because being overfitted (fit statistic < 0.5) does not create a problem in the measurement process. We only had 67 underfitted persons, which indicate appropriate participation and response. Leplege (18) and Ecosse (19) used a more lenient criterion to detect unfit persons to prevent huge person deletion, but they had much more person elimination than we did. One reason could be employing well-trained interviewers in our setting to reduce misunderstanding and carelessness.
Categories and Thresholds
The most common problem of items in our study was disordered thresholds and/or categories. This is usually seen when there is a large number of categories, or when understanding questions and choices for responders is either difficult or different from the original concept (18) . Following the Linacre's (39) recommendation, we paid attention to both, and observed that 10 items showed only category disordering. Based on our main objective, we deleted items that had category or threshold problems; however, in other cases, as has been done in some studies (44) , correcting a question or its choices by combining two adjacent choices can be more appropriate.
Item Fit
Only 6 questions were deleted in item fit analysis, none of which showed over-fitting. It should be noted that because of deleting a large number of items in the previous steps, many of the unfit items had already been deleted. When compared to the study performed by Leplege (18) , the total number of deleted items in the two steps of threshold and fitting analyses were almost similar: 44 questions in this study and 46 ones in the Leplege study.
DIF
We performed DIF analysis to detect item bias; for this reason, we defined an equivalence region based on which, items with bias were detected and deleted. This criterion is stricter than the usual method, but is robust to the effect of sample size on the results of such analyses. In this analysis, the items, which were evaluated, showed less bias in sex and age subgroups, but more bias in health status and especially in the level of education subgroups. The former is slightly incompatible with the specific objectivity principle but the latter can mostly be an indication of the fact that an individual's level of education has a large effect on his/her understanding of the meaning of the questions. Notably, all detected biased items in the education subgroups were due to the less educated group (primary school). This may indicate that it may be better to rephrase the questions in a way that the meaning of the questions is clear for persons with lower education as for others. This was also observed in person fit analysis in another way. In that case, deleted individuals only showed a significant difference with others in the level of education, so that a higher percentage of person deletion occurred among individuals with lower levels of education. Of course, at least to some extent, it could be due to various problems encountered during the translation process (29, 45) and may not be related to the original text of the questions. Table 4 compares the remaining items from the WHOQOL-100 questionnaire in the current study with Leplege (18) and Ecosse (19) studies, and also the WHOQOL-BREF questionnaire. In the two mentioned studies, DIF analysis was conducted based on different cultures using databases from 4 (Argentina, France, Hong-Kong, and UK) and 6 (the 4 previous countries plus Spain and USA) countries, respectively. The main purpose of these studies was to inspect the cultural equivalence of the desired questionnaire. In the Ecosse study, DIF analysis was not reported for sex and current health status. In the Leplege study, it was done, but item deletion was not performed based on it. Table 4 shows that BREF, Ecosse, and Leplege had 11, 10 and 3 items in common with our items, respectively. In the Ecosse's study, the most difficult questions (questions which showed the highest level of QOL) were about money and sex whereas in our study, they were related to environmental issues and money. On the other hand, the easiest questions in that study were about transportation and in our study about work capacity, energy and fatigue, and personal relationship facets. An important characteristic that these two studies had in common was that some facets were deleted completely whereas more than one question was spared in some of the other facets. This is somewhat expected considering the assumptions of the Rasch analysis; items within one facet are very similar and naturally behave in a similar manner. However, since all the remaining items fitted the model, based on the assumptions of the Rasch analysis (14), the remaining items were considered to be uni-dimensional, even though this assumption might not be completely correct. In summary, considering the complexities of the Rasch model and our limited experience in performing such analyses, our study cannot be conclusive; therefore, the results should be used conservatively. On the other hand, large sample size and therefore the stability of our measurements is one of the advantages of this study. 
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